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I The  aerodynesic  chzzacteristics in pitch  and  sideslip of r. revised 
1/16-scale model of the Douglas D-558-11 research  airplane,  with  and 
without a yaw-damper vme, m e  presented  for a W c h  nmber of 2.01. The 

to sinulate  more  closely  the  present, airplme configuration.  The  model 
was  tested  through m mgle-of-attzck  range 013 -2O to about 13O at  an 
angle  of  sideslip o l  0' m d  an- angle-of-sideslip  range of -2O to  about 
loo at an mgle of attack of Oo. The  results .zre compared  wiYn  those 
previously obtahed for  the origind model  configuration. 

- revised model incorsorated a canopy m d  a modified  vertical  tail  in  order 

Tne  revised configura-lion had  higher  directional  stability,  trin 
lift  coefficients, and drag urd more  positive  effective  dihedral thm the 
original  configuration.  The  stetic  longitudinal  stability,  the  lift-curve 
slope,  snd  the  effectiveness  of  the  horizontal  stabilizer  were  not  siggif- 
icmtly altered  by  the  changes in configuration. 

The  vane  effectiveness  pzremeter increased  rapidly  with c% 
increasing  lift  coefficient  and  but  only  slightly  with  angle of sideslip. 

INTRODTJCTiON 

Various  investigations  have  been  conaucted  that  are  concerned  with 
the  aerodynamic  charzcteristics of the  Douglas D-558-11 reseerch  airplane 
which  is  currently  undergoing  flight  tests  by  the NACA Hi&-Speed  Flight 

of the  original  configuration hzs been  investigated  at  high  subsonic  end 
low supersonic  speeds in the a g l e y  8-foot  high-speed  tunnel  (ref. 1) 

I Research  Station at Edwzrds  Air  Force  Bzse,  Calif. P- 1/16-scale  model 

Ir 



an5  at  Mach  numbers  of 1.61 a d  2.01 in  the Lmgley 4- by 4-foot  super- 
sonic  pressure t-me1 (refs. 2 and 3 ) .  Recently  the  original  model has 
been  modified to simulate  more  closely  the  ?resent  airplane  configuration 
by  the  addition  of a canopy  and  by  increasing  the  size of the  vertical 
tail. A small  vane  simulating  that  to  be  used  in  conjunction  with a yaw 
damping  systerc  proposed  by  the  Stability Andysis Section  of  the  Langley 
Aeroneutical  Laboratory  (ref. 4) was  also  incorporated into the  model. 

. 

The  present  paper  presents  the  aerodynamic  characteristics of the 
revised  model in pitch  snd  sideslip,  with  and  without r. yaw-damper  vane, 
at a Rach  number of 2.01 m d  e 3eynolds  n-amber of 1.46 x 10 based  on 6 
the  wing  meen  aerodynamic  chord.  The model was  tested  through ax Engle- 
of-attack  renge of about -2' tc ebout 13' at an angle of sideslip of 0' 
and an angle-of-sideslip  range  of -2O to  zboxt 10' at s,n angle of attttck 
of 0'. These  results m e  compared with tbose  obtained  for  the origind 
model  configuration. 

CO3FTICIENTS AND SYME!OLS . 
Tne  results of tie  investigrtion  are  FresenteZ as s-tmdard NACA 

coefficients  of  forces  and  noments.  The  date  =e  referred  to  the  stabil- 
ity  axis  system  (fig. 1) with  the  reference  center  of  gravity  at 25 Der- 
cent of the  wing  mean  aerodynamic  chord.  The  coefficients  and symbols 
are defined  as  follows: 

CL 

Cm 

longitudinal-force  coefficient, X/qS 

CY lateral-force  coefficient, Y/qS 

c2 rolling-moment  coefficient , L/qSb 
Cn yawing-moment  coefficient, N/qSb 

X force  along X-axis 

Y force  along  Y-axis 

z force  along  Z-axis 

L moment.  about  X-axis 

M' moment  abcmt  Y-axis 
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N moment a3out Z-exis 

9 free-stream dynznic pressure 

b . wing span 

43 t o t a l  wing area  including body intercept  

C 
- wing mean eerodynamic chord, 5.46 in. 
M Vach nmber 

a angle  of  attack of body center line, deg 

P angle of s ides l ip  03 body center  l ine,  deg 

it stzbilizer  incidence  angle with respect t o  body center line, 
deg 

. 6r  rudder deflection  with  resgect t o  body Center line, deg 

6V y.=w-ds.mper vme  angle with respect t o  body center  l ine,  deg - 
L/D l i f t -dreg   ra t io ,  CLJ-CX fo r  p = 00 

lift-c-mve  slose, dCL/dct 

cmcL 
static-longitudinal-stEbility derivative,  dCrz/dCL 

ACrn 
Nt 
- incremental change i n  gitching-moment coefficient with 

skbi l izer   inc idence  

CYp = dCy/dP 

CnP 

C 2 B  

s ta t ic-direct ional-s tabi l i ty   der ivat ive,  dC,/dD 

effective-dihedral p.=raneter, dCz/dg 

C = dC,/dGV 
n% 

I (x,) t increment of  la ters l - force  coeff ic ient  due t o  addition of 
ve r t i ca l  t a i l  - 



bCn> t increment  of  yawing-moment  coefficient  due  to  acidition of 
vertical bil 

( A C Z ) t  increment  of  rolling-moment  coefficient  due  to  addition  of 
vertical  tail 

MODEL A i i  APPARATUS 

A three-view  drawing of the  model  is  presented  in  figure 2. Details 
of the yaw-damper  vane m e  shown  in  figure 3. The vane  is  offset  from 
the  center  line  of  the  body so that  clearance may be  provided  for  nose- 
wheel  retraction on the  airplane.  The  modifications  to  the  original 
model  are: (1) addition of a canopy  and (2) alteration  of  the  vertical 
tail to a plan form  similar  to  that  now  used on  the  airplane  (see  fig. 2) . 
The  afterportion  of  the  fuselage  wzs  slightly  enlerged on both  models to 
accommodate  the  balance.  Geometric  characteristics  of  the  model  are 
presented  in  table I. Coordinates  for  the  body  are  given in table I1 
and for the  canopy  in  table 111. ' 

The  model  wes  equipped  with a wing having 35O of  sweep  of  the 
0.30-chord  line of the  Lznswept  panel,  aspect  ratio 3.57, taper  ratio 0.565, 
and NACA 63-010 airfoil  sections  normal to the  0.30-chord  line.  The  wing 
had 3' of  incidence  with  respect to the  Fclselage  center  line and 3' of 
negative geometric dihedral.  The  model wing section  differs  from that of 
the  airplane in that  the  wing  tip  section  of  the  airplene is an N4CA 
631-012 airfo: 1 I section. 

Deflections of the  stabilizer and yaw-dmper vane  were set manually. 
The  rudder  deflection  was Oo for  the  present  investigation. The cmopy, 
vane,  wing,  vertical  tail, and stabilizer  were  removable  to  facilitate 
the  investigation of various  combinations  of  component  parts. 

Force  and  moment  measurements  were  made through the  use  of a six- 
component  internal  strain-gage  balance.  Base  pressure  was  measured  by 
a single  tube in the  plane of the  model  base. 

TEST CONDITIONS 

The  conditions  for  the  tests  were: 

Mach  number . . . . . . . . . . . . . . . . . . . . . . . . .  2.01 

Stagnation  dewpoint, OF . . . . . . . . . . . . . . . . . . .  -25 
Reynolds  number,  based  on E . . . . . . .  . . . . . . . .  1.46 x lo6 
Stagnation  pressure,  lb/sq  in.  abs . . . . . . . . . . . . .  13 
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Stagnetion  tenpereture, OF . . . . . . . . . . .  ; . . . . .  
Mach number variation . . . . . . . . . . . . . . . . . . . .  
Flow angle  in  horizontal   or  vertical   plane,  deg . . . . . . .  

100 
to. 015 

k O . 1  

CORRECTIONS AND -4CCUR4CY 

The mgles  of a t tack  a d  s ides l ip  were corrected  for  the  deflection 
of t h e   b a h c e  end s t ing  under load. No corrections were applied  to the 
data t o  accouat  for the tunnel flow  vu'is.tions. The base pressure w a s  
measured and the longitudinal  force data xere corrected  to  a base ?res- 
sure equal  to  the  free-stream  static  pressure.  

The estimated  errors in  the data me: 

C L . .  . 
c x . .  . 
c y .  . .  
c m . .  . 
C n . .  . 
cz . . .  
it, deg 
a, deg . 
6, deg . 

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . .  

20.004 
fO .002 
20.002 

to. 0007 
t o .  0005 
C0.0003 

20.1 
20.1 
k O . 1  

PRESENTATION OF RESULTS 

The results of t h i s  investigation  are  presented in two sections: 
(1) the  effects  of the canopy end r e v i s e d   v e r t i c a l   t a i l  OD the  aerodynaaic 
character is t ics  of the model m d  (2) the character is t ics  of the yaw- 
dpmper vane in   p i t ch  uld sideslip and the ef fec ts  of the vane on the 
clharacteristics of the revised model. -4 table of the f i v e s  presenting 
the results i s  given below: 

Effects of c a o p y  and revised  ver t ical  t a i l  on the 

Effects of' cmopy and revised  ver t ical  t a i l  on the 

Effects  of  cmopy a d  revised  ver t ical  teil on i n c r a e n t a l  

aerodynamic charac te r i s t ics  i n  pitch, p = 0' . . . . . . . . . . .  4 

aerodynamic charac te r i s t ics  b- sidesl ip ,  a = Oo . . . . . . . . .  5 

l c te ra l   charac te r i s t ics  produced by ve r t i ca l  teil,  a = Oo . . . .  6 



Variation of with hch number . . . . . . . . . . . . . . . . .  7 
characteristics  in  pitch, p = 00 and  it = Oo . . . . . . . . . .  8 
characteristics  in  sideslip, a = Oo and  it = 0' . . . . . . . .  9 
deflectioll  for  various  vzlues  of CL . . . . . . . . . . . . . . .  10 

CnP 
Effec+,s  of  yaW-d83qer  vane  on  the  Eerodynamic 

Effects  of  yaw-damper-vene  deflection OT? tne  aerodynmic 

Vzriation  of  lateral  characteristics  with  yaw-damper-vsne 

S-y of yEw-dmper-vme chzrecteristics . . . . . . . . . . . . .  11 
The  model  with  the  canopy and the  revised  vertical  tail  used  in  this 

investig&tion Ls designated  the  revised  model;  the  model  withoxt  the 
cmopy and  with  the  original  vertical  tail is referred  to  as  the  original 
model (refs. 2 and 3 j .  

A summary  of  static  longitudinal  and hteral stability  character- 
is-kics  for  the  various  configurations  without  the yaw-duper vane  are 
presented  in teble IV. Experimental  and  estimated yaw-damper-vme 
characteristics  are  given  in  tcble V. 

DISCUSSION 

Effects of Cmopy and  Revised  Vertical  Tail 

Aerodynamic  cheracteristics in pitch.-  Addition of the  canopy and 
revised  vertical  tail  resulted in about 10 percent  grezter  ve1ues of 
longitudinal  force for the  revised  model in the low lift  range  but  did 
not  significantly  alter the lift-curve  slope C L ~  or  the  static  longi- 
tudinal  stability  (fig. 4 and  table IV). Most  of  the  increased  longi- 
tudinal  force and the  gositive  increase in  lift  at  constant  angle  of 
attack  is  produced by the c m a y  (figs. 4 and 5 (b) ) . The  lift on the 
canopy  and  the  greater  drag  of  the  larger  vertical  tail  produce  more 
positive vahes of  Cm  at  constent  lift  coefficients fo r  the  revised 
model,  with a resulting  increase in trim  lilt  coefficient for both  velues 
of it.  For  constant  angles of attack  the  stebilizer  effectiveness 

was about  the  sane for both models  (table IV) . 
A h  

Aerodynamic ckacteristics in  sideslip.-  The  culopy  had a destabi- 
lizing  effect on the  directional-stability  derivative as expected  and 
incressed  the  effective  dihedral  (fig. 5). The  effect  of  the  revised 
vertical  tail  was  to  increase  both  the  directional-stability  derivetive 
and the  positive  effective  dihedral of the  complete  model  (fig. 5 a d  
table IV). The  increases in incremental  lateral  characteristics  produced 
by the  larger  vertical  tail  in  conjunction  with  the  canopy  (see  fig. 6) 



are approximtely  prosortional  to  the  increased t a i l  are%. The vzlue 
of CnP w a s  nearer t o  that estimated for  the complete a i rp lane   in  
reference 5 (fig. 7). 

. 

L i t t l e  change i n   t h e   v a i a t i o n  of the  longitudinal  characterist ics 
with  sideslip  angle WE?S obtained  for any of  Zne configurations  tested 
(fig.  5 (b) ) . 

It should  be  pointed  out  thzt  the  value  of it was Oo for   the  
revised model and 2O for  the or iginzl  model, but this snall difference 
should heve l i t t l e   e f f e c t  on the  var ia t ion of the  aerodynmic  character- 
i s t ics   wi th   s ides l ip .  

Effects of Yaw-Damper Vane  

Aerodynvnic chzracter is t ics  il? Ditch.- The  yaw-damper vane  produced 
2 sigr-ificmt  posit ive  ircrenen-l   in C, vhic'n increesed  with  positive 
deflection of the vane ( f ig .  8) ,  probably as a r e s u l t  or" more gosi t ive 

a r e su l t ,  t r i m  l i f t  coeff ic ients  also increzsed  with vane deflection. 
The effectiveness of the vane i?l producing Cn increased  greetly w i t h  
increasing CL (figs. 8 zn6 lo), whereas the valrzes of C2 a d  Cy  
for  a giver_ deflection  veried l i t t l e  with l i f t  coefficient.  

pressures under "ne nose  end wake ef fec ts  on the  l i r t ing  surfaces .  A s  

Aerodynmic character is t ics  i n  sideslip.- 'l%e vane decreased  the 
d i r ec t iona l   s t ab i l i t y  COB from a value of 0.002b t o  0.0020 and s l igh t ly  
imreased  the  posit ive  efrective  aihedral  of the model ( f ig .  9 m d  
table  11). me emerinental  incremertzl  chmge in the slope of the 
hterel-force  coefficient-curves ACy due t o   t h e   v m e  agreed w e l l  with 
the  value  ee-limted by the method of  reference 6 ( table  V) . Velues OI 
ACzP and ACn est-ted i n  a similzr m e r  are somewhz-l low. For 
the   rmge of siaeslip  mgles  irwestigEted,  the changes in   the   va lues  of 
CL, CX, uld Cm a t  a constznt  vme  deflection were slight. Experimental 
values of CyEv, CzBv, and C obtained f ro= figure 10 were close to 

those  estimated by the method of reference 7 considering  the vane t o  be 
an i so la ted   l i f t ing   sur face   ( teb le  V) .  The mne  effectzveness  psrzneter 

P 

P 

-v 

C increased  rapidly  with  increashg l i f t  coeffici'ent m d  s l igh t ly  
n% 

with smgle of   s idesl ip  (fig. 11). The dashed portion of the P t r h  
curve wzs estimated by ushg e v d u e  of CnBV f o r  cs = OO t o  extrapo- 

late t o  e vme  deflection of 15O. Since  the vane i s  not symmetrically 
mounted on the  fuselage, a vane deflection of -bo or  a ruCder dezlection 
of about -1.5' (ref. 3)  would be  required t o  maintain  zero  sideslip. 
The rudder w m  about  three times as   effect ive as the  vme In producing 

I 

. trim sidesl ip   vlgles .  
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CONCLUSIONS 

A wind-tunnel  investigation  has  been  rcade  with  the  revised 1/16-~~& 
nodel  of  the  Douglas D-558-11 research  airplane  incorporating a cvlopy m d  
a Eodiiied  vertical  tail  to  simulate  more  closely  the  present  airplizne m d  
a fusclege-mounted  yaw-dcnper  vzne.  The resrxlts of  this  investigetion  at 
e. Yzch  n-amber of 2.C1  indicated  the  following  conclusions: 

1. 93e revised  configlaration  conpared  to  the  original  configuration 
indicated  hig3er  directional  stability,  positive  effective  dihedral, trim 
lift  csefficiects,  and  drag. The static  longitudinel skbility, the  lift- 
curve slc?e, and the  effectiveness  of  the  horizontal shbilizer were  not 
significantly altered. 

2. The vane  effectiveness  parameter CngV increesed  repidly  with 

increasing  lift  coefzicient  and slightly with angle of  sideslip. 

3 .  The msymnetrical location of the  vane on the fuselage  required 
slight  rzdder or vane  deflections  to mintsin zero  sideslip. 

4. Moderate  increases  in  positive  pitching-noment  coefficient and 
higher  values of t r h  lift  coefficient  resulted fron deflection of the 
vEne . 

Lmgley Aeroneutical kbors to ry ,  
Netional  Advisory  Comrrii5tee  for  Aeronautics, 

Langley Field, Va.,  June 16, 1954. 
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Wing : 
Root a i r foi l   sect iox ( n o m 1  t o  0.30 chord of 

mswept panel) . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip eirfoi l   sect ion ( n o m l  t o  0.30 chord  cf 

unswept penel) . . . . . . . . . . . . . . . . . . . . . . . . . .  
Totel  area  (ixcluding  fuselage  intercept). sq % . . . . . . . . . .  
S9s1. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Mean aercQnamic chord. i n  . . . . . . . . . . . . . . . . . . . . . .  
Root chor8 (para l le l   to  F1m-e cf symcetry). i n  . . . . . . . . . . . .  
T+p chard (pnral le l   to  plane of synnetry). in . . . . . . . . . . . .  
Wper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Sweep of 0.30-chord l i ne  of unsvept  panel. deg . . . . . . . . . . .  
Incidence a t  fuselage  center  line. deg . . . . . . . . . . . . . . .  
Dihekal. deg . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Geometric t w l s t .  deg . . . . . . . . . . . . . . . . . . . . . . . .  

Zorizontal tai l :  
3oot   a i r fa i l   sect ion (nom-rl t o  0.30 chard of 

Tip airfoi l   sect ion ( n o m 1  t c  0.3C ciorZ of 
unsrept  paxel) 

msxep? penel) . . . . . . . . . . . . . . .  
k e a  (inclEding  fuselage  intercept). sq ft . . 
?.lea? aeroQmandc chord. i n  
Span.in 

Root chord ( y r a l l e l   t o  plane of symetry). in  . 
Tip ckor& (pzrzllel  zo plene o l  syrmetry). in . 
Taper r e t i o  . . . . . . . . . . . . . . . . . .  
Rspec-L r a t i c  . . . . . . . . . . . . . . . . .  
Sweep of 0.30-chord l i ne  of unswept panel. deg 
3ikeL-al.  deg . . . . . . . . . . . . . . . . .  
Elevator  area. sq ft . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . .  

. . . . . . . . . . .  

. . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  . . . . . . . . . . .  

M C A  63-010 

1 A C.4 63-010 
0.6& 
18.72 
5.46 
6.78 
3.83 

0.565 
3.57 

35 
3 

-3 
0 

NACA 63 -010 

NACA 63-010 
0.156 
8.98 
2.61 
3.35 
1.68 
0.50 
3.59 

40 
C 

0.059 

Vertical teil: 
Airfoil   section  (paellel   to  fuselage  center  l ine) 
h e a  (leading edge m-d t r a i l i ng  edge extended t o  

fusehge  cecter  1Fte). so_ f t  . . . . . . . . . .  
spa?? (from r'uselhge center  l ine) . in  . . . . . . . .  
Rcot chard (psrs l le l   to   fasehge   cen ter   l ine)  . b. . 
Ti> chr5   (pua l l e l   t c   fu se l age   cen te r  Line). in . . 
Sweep of  2.3S-chord l i ne  of 1mswep-l p a e l .  deg . . 
Rudder mea. sq f t  . . . . . . . . . . . . . . . .  

. . . . . . . . .  M C A  63-010 

. . . . . . . . .  0.215 . . . . . . . . .  5.25 . . . . . . . . .  9.1h . . . . . . . . .  I.. 67 . . . . . . . . .  49 . . . . . . . . .  C . 030 

Fuselage: 
Le.ngt??. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  31.50 
Faximm Ciepeter. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Easediarneter.in . . . . . . . . . . . . . . . . . . . . . . . . . .  1.56 
Fineness r e t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . .  

3.75 

8.h0 

Yaw-&=per vane: 
Airfoil  sectLon . . . . . . . . . . . . . . . . . . . . . . . . . . .  Double  wedge 
S ~ U . .  i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.5 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
Tip chord. in . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.67 

.... 



COOXDINATES OF "YE BODY 

[x is  d i s tv l ce   dong  model center   l ine  
from the nose of the  nodel; r is t'ne 
radius; all dinensions ir- inches] 

X 

0 
1.000 
2.000 
3 I 000 
4.000 

5.000 
6 .  oca 
7.000 
8.000 
9.000 

10.000 
11.000 
16.250 
17. ooo 
18. ooo 

19.000 
20.000 
21.000 
22.000 
23. ooo 
2b. 000 
24.29'7 
31.500 

r 

0 
.382 
-719 
1.010 
1.256 

1.457 
1. Slk 
1.729 
1.806 
1.851 

1.871 
1.675 
1.875 
1.872 
1.858 

1.833 
1.754 
1.7k3 
1.679 
1.602 
1.513 
1.485 

-780 

11 

. 



i 
p.11 Aimensions i n  inches I 

3 -38 0 1.109 
3 .kh .06 1.125 
3 -75 .37 1.199 
4.06 .6e 1.271 
k .38  1.00 1.339 
4.59 1.31 1.400 

.31 1.93 1.515 
a6 .25 2.87 1.  $1 
7.50 4.12 1.780 
8.44 5.06 1.835 
9.36 3.9 1.870 
9-70 6.32 1.871 
10.39 6.62  1.879 
10.31 6.93 I. 883 
10.61 7.23 1.882 

~~~~ a Cross sections normal to plane of symnetry: 

At xc = 1.93 

2.020 

'PY 

Upper surfwe,  22 

1. log 
1.146 
1.371 , 

1.601 
1.810 
1 - 919 
2.020 
2.070 
2.060 
2.020 
1.965 
1.940 
1.910 
1.880 
1.882 

At xc = 2.87 

k"i 2.070 



* c 

Model 'WL cLa 

Original 
model 

-.356 .047 model 

-0.365 0.04.~( 1 

Revised 

TADLl? I V  

SUMMARY OF TIE AEi7ODYNMC CIIARACTERISTICS  FOR 

ORIGINAL AND RTiVISED MODELS 

(a) Complete model- 

0.061 -0.018 0.425 

.445 

13stimtes for revised model from reference 5 
I I 
1 -.OU I -.0008 

(b) Tail off 

Mode1 

Original 

ckt  CnB cyP 'Xmin 'wL 

model b-o.oo36 b-0.0&7 aO. 053 aO ao. 0405 

Revised 
modelc -.0039 o -.0053 .056 0 ,0425 

3Horizontal t a i l  of f ,  no canopy 
bHorizontal and ver t ica l  tai ls  off, no  canopy 
CIIorizontal and ver t ica l  tai ls  off, with canopy 

0.0020 

.002)1- 

.0036 



T A B U  V 

NyP C q J  C28V CYSV E n p  % 
( 4  (= 1 (E. 1 

Experimental 

Estirnated 

0.00022 O - 0 . 0 0 ~ 8  -o.o& -0.0002 -0.0020 

.0c026 .oooo7 -.0006 -.0007 .00015 -.a015 , 

aIncremental slopes ACyp, Elg ,  and ACnp Ere chvlges in 
chEracteristics of coaplete configureCion resulting frm addition of 
the vane. 



I 

a 

x :  
Rehtive wind - 

t 
Z 

Figure 1.- System of s t a b i l i t y  axes. Arrows illdicate  positive  velues. 

. 
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" 

- 

2- 

- 2 8 . 1 b - 4  
30-percent-chord line 

I of unsweDt  Donel 

30-percent-chord line 
of unswept panel 

/--XI percent  chord 

I I 

(a) Three-view drawing of complete configurati.on. 

Figure 2.- Details of model. All dimensions are in inches. 

3 

I 



I I 

Area  ratios:  (Revised to original) 
Rudder = 0.806 
Vertical tail I . I36 

" n 
I I 

F 
F 

Revised 
"- Original 

L" 

" J Contour of model body ---" 
LurlTwur 01 airplane body 1 " " - 

(b) Vertical-tail  configurations o:P revised and or ig ina l  models. 
Vertical-tail. area r a t i o  based on exposed area. 

Figure 2 .- Concluded. 

I 
uselage E 

. ._ 



Figure 3.- Iktails of yaw-damper vme. All dimensions are in inches. 

1.00 



Fi 

-. 28 

-.24 

-.20 

-.I 6 

-.I 2 

4 8  

-004 

0 

k . -  Effects of canopy and rev ised   ver t icz l  tdl on the  aero 

f o r  original model (ref. 2). 
r ec t e r i s t i c s   i n   p i t ch ,  p = 0'. Flagged syxhols End dashed 

cx 

r n &  

.ne 



F i g  ; w e  5.- EfZects of c.mo~)y r evbed   ve r t i ca l  tail on the aeroayl 
chzracter is t ics  i n  sideslip, a = Oo. Flagged symbols and. dashed 
are for original  node1 (ref. 2). 

na-i c 
lines 



NACA RM L54F25 21 

-4 -2 0 2 4 6 8 10 

P,&s 

(b 1 CL, cX, .ma C, against p. 

Figure 5.- Concluded. 

-.OS 

..04 

0 

CX 



22 

Fi 

.I 

0 

(ACy )+ 

-.I 

- 2  

01 

- 02 

c 

. 



NACA FU4 L5kF25 

. 

.006 

.004 

-002 

0 

-.002 

-.004 

-.006 
.6 I. 0 I .4 I .8 

M 
2.2 

Figwe 7.- V=riz=.kioE of Cnp wlth 14. cc = 0'. 

2.6 



24 

. I2 

.08 

.04 

0 
Cm 

-04 

-.08 

-.I2 

-. 24 
-.I6 

“20 

-.16 

-.I2 cx 
16 

-.08 
12 

-.04 

8 
Q,deg 0 

4 

0 

- 4. 
-.I 0 . I  .2  .3 .4 .5 .6 .? 

CL 

(a> C,, Cx, and a against cL. 
Fi&ire 8.- Ef-Pect of yaw-damper-vane deflection on the   aero-dc 

chmacter i s t ics   in   p i tch .  Complete model; p = 00; it = 00. 



0 . I  .2 .3 -4 -5 -6 .7 

CL 

(b) C,, Cz, a-d Cy against CL. 

Figure 8.- Concluded. 



03 

.02 

Cn .01 

0 

-.o I 

. I  

0 
CY 

- .I  

.o I 

-.02 



NACA Kt4 L54F25 

n 0 
0 9.8 
h -9.5 
o Vane off 

Crn 

.08 

.O 4 

0 

. I  

0 
-2 0 2 4 6 8 IO 



28 PACA RM L5kF25 

Cn 

0 

701 

“02 

v- I 
I I 

I I 
0 
.6 

CY i 
j j 

- I  
. I  -12 -8 -4 0 4 8 12 16 

Figure 10.- Variation of lcteral characteristics with yaw-daqer-vane 
deflection for several vaTaes of  lift  coefficient. p = oO; It = 0’. 



NACA RM L34F23 

-2 0 2 4 6 
BY deg 

[a) Variation of Cng,,with p, Q =  it =Oo. 

29 

0 

Cng, -.0002 

-.0004 
0 .2 .4 .6 

(b) Variation  of C with p =  it.0: 
"8, 

4 

Btrim 
0 

-4 

Figure 11.- Sunmary of yav-mer-vme characteristics. 
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